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Abstract 
This paper assesses factors impact on adaptation to drought in maize production of farmers in Dakrong district – a highland district 
of Central Vietnam. The study was conducted with 180 farmers, being selected randomly from three communes of the district. 
Factor analysis and Multinomial Logit regression indicated six main groups of factors impacting on four separate adaptation options 
(called ADP) in maize production in the area. In which, the increasing in household’s capitals, experience, maize production scale, 
and gender and non-farm income significantly increased the probability of applying at least one adaptation measure in maize 
production of the farmers. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Faculty of Agriculture, Chiang Mai University. 
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1. Introduction 
Climate change is one of the most serious problems in Vietnam as well as many other countries around the world. 
Climate change is projected continuous to cause many great damages to people in life and livelihood assets, and natural 
hazards cannot be regarded separately from climate change and its variability (Hyoung, 2009). According to Easterling 
et al. (2000), an important aspect of climate extremes is related to drought. Drought has been a part of our environment 
since the beginning of recorded history, and humanity’s survival may be testimony only to its capacity to endure this 
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climatic phenomenon. Most regions in Vietnam, especially in the central to the south, were significantly affected by 
severe drought causing adverse impacts on livelihood and the national economy (Tinh, 2006). 
Dakrong district of Quang Tri province is a highland district, located in central of Vietnam. It has the same socio-
economic characteristics of the central highland area, characterizing by high poverty rate (30.56% in 2013), most of 
population lives in the rural area (over 90%) and especially, almost of them are ethnic minority (82%). The district 
residents are living mainly on only 4.38% of 122,444.64 ha natural land area, in which flat land accounted for only 
19.9%. Agricultural production plays an important role in the district economics, the value of agricultural production 
in 2013 accounted for 69.9% of the total production value of the district, in which, crop production occupied a majority 
share (81.01%) (Dakrong Statistic Department, 2013).  
With farmers in Dakrong district, maize is one of important crops because it not only a cash crop but also an 
important food crop. Maize is grown in two season (1) spring season is from November and December to March and 
April and (2) summer season is from April and May to August and September. However, maize productivity in the 
area is always lower than that in another district of Quang Tri province. In 2013, maize productivity in spring season 
and summer season was around 150 and 110 kg/sao, respectively, especially, in the drought years, maize productivity 
was only a haft of its in good years (Uy and Budsara, 2014). It seems to be drought is the most severe climate 
phenomenon impacting on maize production in the area.  
This study will contribute to identify factors affecting on adaptation of farmers in Dakrong district as the main 
objective. This will provide the basis information for further adaptive studies to assist maize farmers coping capacity 
to droughts. Moreover, examining the factors impact on maize production adaptation will indicate the driving factors 
and constraining factors in adapting to drought, so that finding the appropriate interventions for improving adaptation 
capacity of the maize farmers in the future. 
 
2. Methodology 
2.1. Data collection 
This study selected three communes of Dakrong district where have high percentage farmers growing maize as a 
main crop and facing strong impact of drought and especially, these commune represent for three differences from 
socio-economic and topographic characteristics of the district. Finally, Mo O commune, Dakrong commune and Ba 
Long commune were selected. The study randomly selected 180 households (from 8,286 households) from three 
communes (60 households per commune) to interview by using a structure questionnaire, combining with observation 
methods to get a more comprehensive view of the characteristics of households. 
 
2.2. Data analysis 
Factor analysis was used to extract the main components which have high multi-collinearity from varieties of 
dependent variable by using rotation method. The factor scores of the main components were used as independent 
variables in Multinomial Logit model to find the relationship with farmers’ adaptation (dependent variable). 
The multinomial (polytomous) logistic regression model is a simple extension of the binomial logistic regression 
model. This method was used to analyze maize adaptation choices as methods to adapt to the negative impacts of 
drought. 
To describe the Multinomial Logit model, let Y be a random variable representing the adaptation measure chosen 
by any farm household. Y takes on the values {1, 2, … I}, a positive integer. Assuming that each farmer has a sole 
alternative among adaptation options, and their choice is effected by factor X. The MNL model for adaptation 
choice specifies the following relationship between the probability of choosing option Yi and the set of explanatory 
variables X as follows: 
 
ݖ݅ሺܺሻ ൌ ݈݊ ሺܻ ൌ ݅ȁܺሻሺܻ ൌ Ͳȁܺሻ ൌ ݈݊
ܲ݅
ܲͲ ൌ ߚ݅Ͳ ൅ ߚͳܺͳ ൅ ߚʹܺʹ ൅ڮ൅ ߚ݅݌ܺ݌ ൅ ߝݑ 
 
where Y is dependent variable; βj is coefficient of estimation; Xi is independent variables (factors affect the choice 
of dependent variable); and εu is the error term. 
According to Green (2003), Deressa et al. (2010), Ajao and Ogunniyi (2011) and some other authors, the parameter 
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estimates of the MNL model provide only the direction of the effects of the independent variables on the dependent 
variable, estimates do not represent actual magnitude of change or probabilities. To interpret the effects of explanatory 
variables on the probabilities, marginal effects are usually derived as: 
 
߲ܲ݅
߲ܺ݇ ൌ ቌߚ݅݇ െ෍ܲ݅ߚ݅݇
௜ିଵ
௜ୀଵ
ቍ 
 
Marginal effects measure the expect change in probability of adaptation choice with respect to a unit change in 
components. The signs of the marginal effects and respective coefficients may be different, as the former depend on 
the sign and magnitude of all other coefficients (Ajao and Ogunniyi, 2011). 
 
3. Results and discussion 
 
3.1. Characteristics of selected communes 
Darkrong commune represented the high terrain zone with 100% of the population was ethnic minorities where 
maize mainly grown on the hills in two seasons (spring and summer) with the total area of 185 ha (occupying 27.09% 
agricultural land area). This is one of the poorest commune with a poverty rate in 2012 was 39.86%.  Mo O commune 
represented the medium terrain zone, having 73% ethnic minorities and 27% ethnic majorities who grew maize mainly 
in spring season on both the hills and flat land with the land area of 60 ha (occupied 23.48% agricultural land area). 
The poverty rate of this commune was lower comparing with Dakrong commune, 28.03%. Whilst, Ba Long commune 
was exactly opposed to the mentioned communes when 100% maize was grown at the flat land area, almost in the 
spring season by ethnic majorities with the cultivated area of 30.4 ha (32.48% agricultural land area). Comparing to 
Dakrong and Mo O commune, Ba Long commune was more developed with a poverty rate of only 9.38% (Dakrong 
Statistical Department, 2013). 
 
3.2. General characteristics of the sample respondents 
The average age of maize farmers was quite high, over 44 years old (highest in Ba Long commune), thus they had 
high years of maize production (almost 23 years). However, year of education of survey households were not high 
(under 5 years, lowest in Dakrong commune – over 2 years). Almost 60% of respondents were ethnic minority (100% 
with Dakrong commune) and over 31% of them were below poverty line (highest rate in Dakrong commune, 
occupying 50%). The farmers lived far from the central market (nearly 5.5 km) and only 53% households had accessed 
to credit and loans. Households’ maize productivity was quite low, around 147 kg/sao. Especially, maize productivity 
in the drought years was only 66 kg/sao, thus, maize income of respond households was not high (almost 2 million 
dongs per year), (Table 1). 
 
Table 1. Characteristics of the sample respondents 
No. Characteristics Dakrong 
(N=60) 
Mo O 
(N=60) 
Ba Long 
(N=60) 
Mean 
(N=180) 
1 Age in years 39.63 
(11.83) 
44.30 
(13.85) 
49.68 
(9.66) 
 44.55 
(12.37)  
2 Gender (% male head household) 53.30 61.70 65.00   60.00  
3 Ethnicity (% ethnic minority) 100.0 75.00 0.00   58.33  
4 Year of education 2.38 
(3.60) 
4.85 
(4.19) 
6.32 
(2.88) 
    4.54 
(3.61)  
5 Experience in maize production (year) 17.50 
(11.34) 
22.93 
(13.63) 
27.58 
(11.88) 
 22.69 
(12.71)  
6 Household type (% poor household) 50.00 33.33 10.00   31.11  
7 Number of household members       5.33 
(1.83)  
       5.10 
(1.50)  
         5.70 
(1.87)  
    5.38 
(1.75)  
8 Number of household labors        2.33 
(0.86)  
     2.40 
(0.83)  
       3.07 
(1.40)  
    2.61 
(1.11)  
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9 Distance from home to central market (km) 9.70 
(2.37) 
3.64 
(2.38) 
3.09 
(1.50) 
    5.48 
(3.67)  
10 Maize land area (sao, 1 sao = 500m2) 4.90 
(3.38) 
2.96 
(1.90) 
2.80 
(1.90) 
    3.55 
(2.64)  
11 Non-farm income (1000 dongs) 5,87 
(4,13) 
10,06 
(1,42) 
12,96 
(16,40) 
 9,63 
(11,20)  
12 Maize income (1000 dongs) 2,49 
(2,13) 
1,42 
(1,48) 
2,06 
(2,68) 
 1,99 
(2,19)  
13 Maize productivity in the normal years (kg/sao) 141.92 
(39.03) 
133.17 
(45.67) 
164.58 
(53.89) 
146.56 
(48.19)  
14 Maize productivity in the drought years (kg/sao) 60.98 
(40.08) 
59.17 
(39.73) 
77.22 
(41.55) 
 65.79 
(41.05)  
15 Access to information (channel) 2.20 
(1.20) 
2.75 
(1.22) 
2.82 
(1.44) 
    2.59 
(1.21)  
16 Access to credit (%) 40.00 55.00 65.00   53.33  
17 Drought perception      
  
  
  
Low perception level (%) 23.33 21.67 3.33  16.11  
Medium perception level (%) 61.67 63.33 56.67  60.56  
High perception level (%) 15.00 15.00 40.00      23.33  
 
Regarding farmers’ perception on drought, farmers were classified on three levels of awareness basing on their 
respond twenty questions related to drought definition, drought experience, drought memory, drought expectation. 
The results revealed that through the assessment questions, over 75% of farmers in the study area was classified as low to 
medium perception on drought. In which, famers in Ba Long commune where has better socio-economic condition, being better 
perception on drought than the rest communes (40% farmers in Ba Long were ranked in high perception level, comparing with 
15% of Dakrong and Mo O commune). 
 
3.3. Maize production adaptation to cope with drought in the study area 
The results of focus group discussions and key informant interviews indicated that it farmers can be classified into 
four group based on characteristics of adaptation practices, (1) no adaptation group (termed as ADP_0); adapt by 
improving cultivation techniques (ADP_1); adapt by reducing amount of cultivated land area (ADP_2); and adapt by 
combining measures in ADP_1 and ADP_2 (ADP_3). The characteristic of these kinds of adaptation was interpreted 
as follows: 
x ADP_0: farmers with no adaptation and no coping measures in maize production to handle drought. In this cases, farmers grow 
maize without consideration about the impact of drought as well as another climate phenomena. 
x ADP_1: farmers that adapted by improving cultivation techniques. In this practice, farmers were more likely to keep the 
amount of maize land area and they apply cultivation techniques under their understanding or consultant of extension workers 
such as: changing sowing day or planting the drought tolerant varieties or practicing inter-cropping. By this way, 
the farmer could maintain maize land area to produce outputs for selling, human food or livestock, however, this was not an 
optimal adaptation measure because according to farmers’ idea, the changing in technical practices was not total suitable with 
all land area. For instance, growing maize on the hilltop area still faced strong influence of drought even though they had applied 
the technical measures because the intensity of the drought in this area had beyond the tolerance of maize. 
x ADP_2: farmers that adapted by reducing maize cultivated area. This group of farmers did not want to face risk from 
drought’s impact. For safety, they reduced amount of land by cultivating one season or changing to another crops. This 
measure can lead to decrease in maize yield but they can get product or income from other crops (peanut, cassava, green 
bean). In fact, this adaptation had attracted much attention from the farmers recent time when cassava, peanut and some 
other drought-tolerant crops were becoming more suitable with dry land parcels. 
x ADP_3: this farmer group reduced amount of land (changing to another crops, cultivating one season) as the first practice and 
then they applied cultivation techniques relating to changing sowing day or planting the resistance varieties or 
practicing inter-cropping for the rest land area to cope with drought. By this way, farmers might get lower maize yield but 
high maize productivity in average. According to head of Agricultural and Rural development Department, this was a higher 
level of adaptation compare with ADP_1 and ADP_2 because farmers could keep good maize yield (for livestock and human 
food) by using new techniques and they also get cash from other crops (through conversion of dry land area to cassava, peanut, 
etc.). 
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It was found that the percentage applying adaptation options of farmers was different among three communes where 
represented for three socio-economic and topographic characteristics of the district, (Table 2). 
 
  Table 2. Farmers’ adaptation to drought in maize production 
Adaptation Dakrong 
(N=60) 
Mo O 
(N=60) 
Ba Long 
(N=60) 
Mean 
(180) 
ADP_0 38.33 31.67 6.67 25.56 
ADP_1 31.67 6.67 8.33 15.56 
ADP_2 6.67 40.00 41.67 29.44 
ADP_3 23.33 21.67 43.33 29.44 
 
As from the results, there were a significant of farmers had no applied any adaptation practices (25.56%). In which, 
in Dakrong commune and Mo O commune this ratio was quite high, 38.33% and 31.67%, respectively, being around 
5 times higher than that in Ba Long commune. 
In adapted groups, it was observed that farmers in Dakrong commune were more likely to practice by improving 
cultivation techniques (31.67% farmers were applying) and by combining improving cultivation techniques with reducing 
amount of land area (23.33%). Whilst, farmers in Mo O commune mainly adapted by reducing amount of cultivated land 
area (40%), and 21.67% of others chose combining measure to cope with drought. The adaptation of farmers in Ba Long 
commune focused on combining measure (43.33%) and reducing amount of cultivated land area (41.67%). 
 
3.4. Factor analysis 
It was found that there were many multi-correlations among the independent variables themselves and it made complications 
in developing the model. Therefore, using factor analysis to extract the main factors with an eigenvalue more than one and 
overcome the multi-correlation problem was necessary. By result of extraction method, seventeen variables were used to extract 
(see in Table 2). Six components with eigenvalues greater than one were found and they explained 65.298% as cumulative. 
According to the gained result, the percentage of variance of Factor 1 was 20.5945%, Factor 2 was 13.734%, Factor 
3 was 10.234%, Factor 4 was 8.078%, Factor 5 was 6.982% and Factor 6 was 5.677%. Those factors were named as 
in Table 3. 
 
Table 3. Factors extracted by Principle component analysis and their variables 
Factor No. Name Variance (%) Cumulative (%) Independent variables included 
1 Household’s capitals 
20.594 20.594 
Ethnicity, education, household type, access to 
information, access to credit, drought perception level. 
2 Experience 13.734 34.328 Age, maize experience. 
3 Maize production scale 10.234 44.561 Maize land area, maize income, distance from market. 
4 Maize productivity 8.078 52.639 Maize productivity in the normal years, maize productivity in the drought years. 
5 Labour resource 6.982 59.621 Household size, total labour. 
6 Gender and non-farm income 5.677 65.298 Gender and non-farm income. 
The factor scores of the six factors were used as independent variables in the Multinomial Logit model. 
 
3.5. Model results and discussion 
Multinomial logistic regression analysis was estimated to determine the factors influencing a households’ choice 
of adaptation practices to reduce adverse effect of drought. In this model the dependent variable was adaptation options 
of farmers to cope with drought, including: ADP_0, ADP_1, ADP_2 and ADP_3. The estimation of the MNL model 
was made by normalizing one category, which is normally referred to as the “base category.” In this analysis, “no 
adaptation” (ADP_0) option was used as the base category. 
Table 4. Model fitting information 
Model -2LogLikelihood Chi-square df Sig 
Intercept only 488.924       
Final 284.433 204.491 18 0.000 
The likelihood ratio statistics as indicated by the chi-square statistics was found to be highly significant (Table 4). The 
null hypothesis that there was no difference between the model without independent variables and the model with 
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independent variables was rejected, the model could be used. 
Table 5. Marginal effects from the Multinomial Logit model. 
Factors ADP_0 ADP_1 ADP_2 ADP_3 
β(SE) P[|Z|>z] β(SE) P[|Z|>z] β(SE) P[|Z|>z] β(SE) P[|Z|>z] 
Intercept -0.074 0.000 -0.055 0.228 0.144 0.037 -0.149 0.795 
(0.025) ***  (0.045)  (0.069) **  (0.058)  
Factor 1 -0.157 0.038 -0.116 0.118 -0.056 0.506 0.329 0.000 
(0.076) **  (0.074)  (0.085)  (0.057) ***  
Factor 2 -0.029 0.127 -0.075 0.122 0.011 0.826 0.093 0.025 
(0.019)  (0.048)  (0.05)  (0.042) **  
Factor 3 -0.054 0.040 0.213 0.000 -0.319 0.000 0.160 0.003 
(0.026) **  (0.05) ***  (0.075) ***  (0.053) ***  
Factor 4 -0.017 0.150 -0.028 0.525 0.014 0.798 0.032 0.461 
(0.012)  (0.045)  (0.053)  (0.043)  
Factor 5 0.024 0.105 -0.002 0.959 -0.054 0.308 0.033 0.417 
(0.015)  (0.048)  (0.053)  (0.04)  
Factor 6 -0.046 0.057 -0.029 0.555 -0.014 0.774 0.089 0.035 
(0.024) *  (0.048)  (0.051)  (0.042) **  
***, **, * Significant at 1%, 5%, 10% probability level, respectively 
 Β: Coefficient; SE: standard error 
x No adaptation (ADP_0): 
According to the estimated coefficients of marginal effects, it was observed that when all other independent variables were 
constant, Factor 1 (ethnicity, education, household type, access to information, access to credit, drought perception level), Factor 3 
(maize land area, maize income, distance from market) and Factor 6 (gender of household head and non-farm income) decreased 
the probability of no adaptation. One unit change in Factor 1; Factor 3; and Factor 6 negatively declined the probability of no 
adaptation by 15.7%; 5.4% (significant at 0.05 level); and 4.6% (significant at 0.1 level), respectively. That means households who 
were ethnic majority, female household head, high education level, high drought perception, larger maize land area, high maize or 
non-farm income, etc., being more likely to adapt at least one adaptation to cope with drought than other households. This result 
was in line with the previous researches of Deressa et al., (2009), Mudzonga (2011), Sahu and Mishra (2013) and Nhemachena et 
al. (2014) who had found that the high level of farmer’s education and experience increases the probability of uptake of adaptation 
options in Ethiopia, Zimbabwe, India and South Africa because these farmers have better knowledge and information on changes 
in climatic conditions. This finding also contributed to confirm the conclusions of Madison (2006) that high climate phenomena 
perception had significant and positive influence on adaptation capacity of farmers. Besides, the result partly reflected the elicitation 
of Deressa et al. (2009), Sofoluwe et al. (2011), Tazeze et al. (2012) and Obayelu et al. (2014) when higher non-farm incomes and 
better approached resource (credit and information) households afforded the better or higher investment adaptation options for their 
farm practice. While, the relation between adaptation and gender was in agreement with results obtained by Deressa et al. (2009), 
Legesse at al. (2013) when these authors had argued that being a male headed household might affect the ability of a household to 
cope with different climate extreme events. However, this result contradicted with the finding of Hassan and Nhemachena (2008), 
Shongwe et al. (2014) who stated that female headed households were more likely to take up adaptation options since most of rural 
farming was done by women. Women therefore, had more farming experience and information on crop management practices 
than men. 
x Adapt by improving cultivation techniques (ADP_1): 
It was found that Factor 3 (maize land area, maize income, the distance from home to market) significantly increased probability 
to adapt by improving cultivation techniques. One unit change in these variables increased the probability of ADP_1 by 21.3% 
(significant at 0.01 level). It means that, when the maize land area increased (often accompanied by an increase in maize income), 
farmers had to apply technical measures such as intercropping, applying drought tolerant varieties or changing sowing day to cope 
with drought if they did not want to lose the yield. Especially, as results from the observation, the larger own maize land area 
farmers often lived far from the center. Thus, results from the analysis reflected the real relationship between maize production 
scale and adaptation practices in the area. Whilst, other factors did not significantly effect on this kind of adaptation in the area. 
x Adapt by reducing in cultivated area (ADP_2): 
As mentioned earlier, this kind of adaptation was applying by farmers who had not wanted to get risk from maize 
production under drought’s impact. This adaptation option faced negative impact of Factor 3 (maize land area, maize 
income, distant from home to market) when one unit increased in components of this factor, it decreased the 
probability of applying ADP_2 by 31.9% (significant at 0.01 level). Obviously, households who wanted to adapt by 
reducing in amount of cultivated land area had owned less maize land area than others. Besides, the households were 
living nearly the central market, they had better condition in buying inputs such as drought tolerant seeds, or materials 
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for intercropping (fertilizers, other crop seeds, etc.). Thus, they tended to apply other adaptation measures instead of 
reducing amount of land. 
x Adapt by combining measures in ADP_1 and ADP_2 (ADP_3): 
The estimated coefficients of marginal effects showed that one unit change in Factor 1, Factor 2, Factor 3 and Factor 
6 increased the probability of adapting ADP_3 by 32.9%; 9.3%; 16% and 8.9%, respectively. It means that households 
who have better individual and socio-economic potentials, such as ethnic majority and male household head; high 
education and experience, better accessing to credit and information; larger land area; higher non-farm income and 
especially, higher drought perception level, etc. were more likely to adapt by combining between “improving cultivation 
technique measures” and “reducing cultivated land area measures”. 
In fact, adaptation by combining between improving cultivation techniques and reducing amount of cultivated land area was one 
of the best choices to cope with drought in the area. Therefore, there is no doubt that better resource and capacity farmers preferred 
to adapt this kind of adaptation measure. 
Finally, the result found that Factor 4 (maize productivity) and Factor 5 (labor source) insignificant influenced on all adaptation 
practices to cope with drought in the area. 
 
4. Conclusion and recommendation 
It can be conclude that out of the randomly selected 180 maize farmers from three different socio-economic and topographic 
communes of the Dakrong highland district, there were a significant percentage of farmers had no applied any adaptation coping 
measure to cope with drought (25.56%), almost of them came from Dakrong and Mo O district (over 30% for each commune), 
with high poverty rate and high ratio of ethnic minorities. In adapted groups, there was difference in choosing adaptation options 
among communes. Farmers in high terrain area (Dakrong commune) likely to adapt ADP_1 while, farmers in low and medium 
terrain areas (Ba Long and Mo O commune) preferred to apply ADP_2 and ADP_3 adaptive measures, respectively. 
For factors impact on farmers’ adaptation, households who had better individual characteristics (male household head, ethnic 
majority, high maize experience, high education level and drought perception level) and higher socio-economic characteristics (no 
poverty; higher maize income and non-farm income; larger maize land area; far from central market and better accessing to credit 
and information sources, etc.) were more likely to adapt at least one adaptation option. In which, all of these factors significantly 
and positively impacted on ADP_3. While, some of them, such as: maize land area, maize income, distance from home to market 
had significant impact on both ADP_1 and ADP_2 by different directions. These factors positively influenced on ADP_1 and 
negatively impacted on ADP_2. 
The study recommended that Agricultural and Rural development Department, Extension Station and related agencies should 
evaluate the effectiveness of the current adaptation models to find out the most appropriate adaptation models for each area (slope 
land area and flat land area). In which, the combination measure (reducing unproductive maize land areas and increasing intensive 
investments for the remaining area) should be more concerned. Besides, offering training courses to train and encourage farmers to 
adopt and apply coping methods is very necessary. Farmers, especially those below poverty line, ethnic minority people, female 
household heads, etc. should be trained through practice in their field (Farmer Field School method) instead of being taught by 
theory. They also should be trained to improve drought perception because the good awareness on drought will contribute to 
encourage the creation of farmers in seeking useful coping measures to cope with drought on their fields. Additionally, local 
government need to create favorable conditions for poor farmers approaching loans to cope with drought. These above solutions 
should be carried out simultaneously. 
Acknowledgements 
We would like to grateful to IDRC-SEARCA for funding during this research. Many thanks to all academic and 
administrative staffs of Center for Agricultural Resource System Research, Graduate School of Chiang Mai University 
for helping and sharing experience during the research implementation process. 
References 
Ajao, A. and L. Ogunniyi. 2011. "Farmers’ Strategies for Adapting to Climate Change in Ogbomoso Agricultural Zone of Oyo State." AGRIS on-
line Papers in Economics and Informatics. 3(3): 3-13. 
Deressa, T. T., R. M. Hassan and C. Ringler. 2010. "Perception of and Adaptation to Climate Change by Farmers in the Nile Basin of Ethiopia." 
The Journal of Agricultural Science. 149(1): 23-31. 
82   Tran Cao Uy et al. /  Agriculture and Agricultural Science Procedia  5 ( 2015 )  75 – 82 
Deressa, T. T., R. M. Hassan, C. Ringler, T. Alemu and M. Yesuf. 2009. "Determinants of Farmers’ Choice of Adaptation Methods to Climate 
Change in the Nile Basin of Ethiopia." Global Environmental Change. 19(2): 248-255. 
Easterling, D. R., J. Evans, P. Y. Groisman, T. Karl, K. E. Kunkel and P. Ambenje. 2000. "Observed Variability and Trends in Extreme Climate 
Events: A Brief Review." Bulletin of the American Meteorological Society. 81(3): 417-425. 
Hassan, R. and C Nhemachena. 2008. "Determinants of African farmers’ strategies for adapting to climate change: Multinomial choice analysis." 
African Journal of Agricultural and Resource Economics. 2(1): 83-104. 
Legesse, B., Y. Ayele and W. Bewket. 2013. "Smallholder Farmers’ Perceptions and Adaptation to Climate Variability and Climate Change in Doba District, 
West Hararghe, Ethiopia." Asian Journal of Empirical Research. 3(3): 251-265. 
Mudzonga, E. C. 2011. Farmers’ Adaptation to Climate Change in Chivi District of Zimbabwe. International Food Policy Research Institute 
Zimbabwe. 
Nhemachena, C., R. Hassan and J. Chakwizira. 2014. "Analysis of Determinants of Farm-Level Adaptation Measures to Climate Change in 
Southern Africa." Journal of Development and Agricultural Economics. 6(5): 232-241. 
Obayelu, O. A., A. O. Adepoju and T. Idowu. 2014. "Factors Influencing Farmers’ Choices of Adaptation to Climate Change in Ekiti State, Nigeria." 
Journal of Agriculture and Environment for International Development. 108(1): 3-16. 
Sahu, N. C. and D. Mishra. 2013. “Analysis of Perception and Adaptability Strategies of the Farmers to Climate Change in Odisha, India.” APCBEE Procedia. 
5(2): 123-127. 
Shongwe, P., M. B. Masuku and A. M. Manyatsi. 2014. "Factors Influencing the Choice of Climate Change Adaptation Strategies by Households: A Case 
of Mpolonjeni Area Development Programme (ADP) in Swaziland." Journal of Agricultural Studies. 2(1): 86-98. 
Sofoluwe, N., A. Tijani and O. Baruwa. 2011. "Farmers' Perception and Adaptation to Climate Change in Osun State, Nigeria." African Journal of 
Agricultural Research. 6(20): 4789-4794. 
Tazeze, A., J. Haji and M. Ketema. 2012. "Climate Change Adaptation Strategies of Smallholder Farmers: The Case of Babilie District, East 
Harerghe Zone of Oromia Regional State of Ethiopia."Journal of Economics and Sustainable Development. 3(14): 1-12. 
Tinh, 2006. Coping with Drought in the Central Highlands – Vietnam. Doctoral Thesis Institute of Environment & Resources Technical University 
of Denmark. 
Uy, T. C. and L. Buddsara. 2014. “Farmers’ Perception and Adaptation to Drought in Maize Production, Dakrong District, Quang Tri Province, Vietnam.” 
Khon Kaen Agricultural Journal. 42(2): 25-35. 
 
